Summary. The blood vascular architecture of the rat nasal associated lymphoid tissue (NALT) was studied by scanning electron microscopy of corrosion casts. To examine the correlation of the vasculature with the distribution of lymphocyte subsets, the NALT was also studied by light microscopy of immuno-stained samples. The NALT was supplied by a branch of the inferior nasal artery which arose from the sphenopalatine artery. This branch reached the bottom of the NALT and ramified arterioles to the follicles and the parafollicular regions. These arterioles ascended toward the subepithelial region, giving off capillaries en route to form a coarse plexus within the follicles and the parafollicular regions. The arterioles reached the subepithtelial region and formed a subepithelial capillary network consisting of a single layer of flat meshwork. The follicular, paraf ollicular and subepithelial capillaries anastomosed one another. The capillaries in each region were gathered into collecting venules, which in turn drained into high endothelial venules (HEVs) in the parafollicular region. The HEVs ran through the parafollicular regions around the follicular perimeters, and flowed into ordinary veins to leave the NALT. Lymphocytes labeled with an anti-T cell antibody were mainly distributed in the parafollicular regions, where HEVs were situated. B cells were mostly observed in the follicular and dome areas. The microvascular structure and its correlation with lymphocyte subset domains in the NALT were essentially similar to those in other mucosa associated lymphoid tissues (MALTS) such as tonsils and Peyer's patches.
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Mucosa of the respiratory and digestive tracts are constantly exposed to viruses, bacteria and other exogenous antigens. For defense of the body from the antigenic agents, the mucosa is provided with specially developed lymphoid tissues, mucosa associated lymphoid tissues (MALTs). These are defined as solitary or aggregated lymphoid follicles within the lamina propria of the mucosa whose epithelium is infiltrated with lymphocytes (OwEN and BHALLA,1983) . In the respiratory and digestive tracts, the pharyngeal mucosa is a front line or a strategic site for the first, direct contacts with inhaled antigens. The human pharynx has large lymphoid organs, tonsils, which encircle the nasopharyngeal and oropharyngeal orifices. In the rat, aggregated lymphoid follicles which are located in the nasopharyngeal duct have been reported as nasal associated lymphoid tissue (NALT) (SPIT et al., 1989) .
Light and electron microscopic studies of the NALT have revealed general features, ultrastructure and immunohistochemical findings of this organ (SPIT et al., 1989; HAMELEERS et al., 1989; KUPER et al., 1990) . However, the microvascular architecture of the NALT has not yet been elucidated. This study aims to both clarify the microvascular organization of the rat NALT using a vascular corrosion cast/ scanning electron microscope method (MURAKAMI, 1971) and to determine the vascular arrangement in correlation with the distribution of lymphocyte subsets.
MATERIALS AND METHODS

Animals
Twenty male Wister rats (weighing 250-300 g) were used. The animals were kept in conventional conditions and fed a combination of solid food for rats (MF: Oriental Yeast Co., Tokyo) with free access to water. All rats were deeply anesthetized by inhalation of diethyl ether before sacrifice.
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Scanning electron microscopy of blood vascular corrosion casts
The thoracic cavity of each rat was opened, a cannula was inserted through the left ventricle into the ascending aorta, and the thoracic aorta was ligated. After perfusion with physiological saline through the cannula until the venous effluent from the right atrium was clear, the animal was fixed with 10 ml of 10% formalin in saline. Then 30-40 ml of commercially available casting medium (Mercox: Ohken Shoji, Tokyo) was injected. The upper jaw of the injected animal was removed, immersed in a hot water bath (60C) for 4-6 h, corroded in 20% NaOH aqueous solution (60t) overnight, and washed in running tap water. The casts thus obtained were dissected with forceps and scissors under a dissection microscope, and the NALT and surrounding organs were isolated. The specimens were frozen in water, cut into blocks of suitable size and dried in the air. The blocks were mounted on aluminum stubs, coated with gold in a Polaron SEM coating system (Polaron Equipment Ltd., Watf ord) and observed with a scanning electron microscope (S-2300: Hitachi, Tokyo) using an accelerating voltage of 5 kV.
Light microscopy
Immunohistochemical staining
The fresh NALTs were embedded in OCT compound (Ames Co., Indiana), frozen quickly in liquid nitrogen and stored at -80t until sectioning. Sections of 10-15 am thicknesses were cut in a cryostat (Jung Frigocut 2800: Reichert-Jung, Germany), placed on gelatin-coated glass slides, air-dried and fixed for 10 min in 100% acetone. The sections were rinsed in 0.01 M phosphate-buffered saline (PBS, pH 7.4) and preincubated with 10% normal rabbit serum for 10 min. Excess serum was rinsed out with PBS, and the sections were incubated with primary antibodies (Table 1) rabbit anti-mouse Ig diluted in PBS with 4% normal rat serum was reacted with the sections. After washing with PBS followed by 0.05 M TRIS/HC1 buffer (pH 7.6), the sections were colored with 0.05% diaminobenzidine tetrahydrochloride in TRIS/HCl containing 0.01% H202. Control slides were incubated only with an HRP-conjugated rabbit anti-mouse Ig. All sections were counterstained with methylgreen.
Hematoxyline-eosin staining Rat NALTs were perfusion-fixed with phosphatebuffered f ormalin, embedded in paraffin, cut into sections and stained with Mayer's hematoxylin and eosin.
RESULTS
General features of the NALT
In the rat, the NALT was identified as an aggregation of ten to fifteen lymphoid follicles on the basolateral wall of the entrance of the nasopharyngeal duct ( Fig. 1) . Each follicle protruded like a dome on the luminal aspect. In light microscopy of hematoxylin and eosin-stained sections, a single layer of ciliated epithelium covered the lymphoid follicles, each of which possessed a germinal center (Fig. 2) . On the top of the dome, the epithelial layer was occupied by groups of nonciliated cells (Fig. 2 inset) . Many lymphocytes infiltrated into this nonciliated epithelial layer, so that so-called lympho-epithelial symbiosis was shown. Lymphatics and large blood vessels were found in the lateral and basal regions around the follicles (Fig. 2 ).
Blood vascular system of the NALT The NALT was supplied by a branch of the inferior nasal artery which arose from the sphenopalatine artery (Fig. 1) . More precisely, the sphenopalatine The latter formed a coarse periosteal capillary plexus of the palatine bone (Fig. 3) . The follicular arterioles entered the follicles and the parafollicular regions, ran almost straight upward, and gave off capillaries en route. These capillaries repeatedly branched and anastomosed to form coarse capillary plexuses within the follicles and the parafollicular regions (Fig. 4) .
Some of the follicular arterioles reached the subepithelial regions, where the arterioles gave rise to the subepithelial capillary network (Fig. 4b) . The subepithelial capillaries just above the follicles were thicker than those on the parafollicular regions of the NALT. Such thick capillaries possessed many bulges (Fig. 5) . The subepithelial capillary network over the parafollicular regions consisted of rectangular meshes (Fig. 5) . A similar rectangular mesh pattern was seen in the subepithelial capillary network of the ordinal nasal mucosa (Fig. 4a) . The subepithelial, follicular and parafollicular capillaries anastomosed one another (Fig. 4b) .
The follicular. parafollicular and subepithelial capillaries gathered into collecting venules in each region. The collecting venules in the subepithelial region and the follicles ran toward the parafollicular regions. In the parafollicular region, the venules flowed into high endothelial venules (HEVs) whose casts had irregular indents on their surfaces (Fig. 4b) . These HEVs occurred only in the parafollicular regions; they coursed downward through the parafollicular regions around the follicular perimeters and drained into thick ordinary veins at the bases of the follicles (Fig. 4b) . These ordinary veins flowed into the sphenopalatine vein (Fig. 3) .
Immunohistochemical study of the NALT MAS010 positive cells (T cells) (Table 1) were mainly distributed in the parafollicular area and also were scattered within the follicles. A few T cells were observed in the dome areas (Fig. 6a) . MAS258 positive cells (B cells, but not B lymphoblasts) (Table 1) occupied the follicular and dome areas, decreasing in number toward the germinal centers, with only a few being observed at the center of the germinal centers. Some B cells were scattered in the parafollicular regions (Fig. 6b) . Most of the lymphocytes that infiltrated the epithelium were B cells, with a few T cells (Fig. 6c, d ).
DISCUSSION
The present study has clearly shown the vascular architecture of the rat NALT by the corrosion cast/ scanning electron microscope method. The lymphoid follicles of the NALT receive afferent arterioles which give rise to coarse capillary plexuses within the follicles and parafollicular regions. The follicular and parafollicular capillaries drain into the HEVs which are located in parafollicular regions around the follicles. This microvascular pattern of the NALT lymphoid follicles is essentially the same as that of the rabbit (TERASAWA et al., 1988) or human palatine tonsil (OHTANI et al., 1989) or the rat (BHALLA et al., 1981) or mouse (YAMAGUCHI and SCHOEFL, 1983) Peyer's patch. As previously suggested by conventional light and electron microscopic studies (SPIT et al., 1989) , the present study has also confirmed from the aspect of blood vasculature that the NALT is one of the mucosa associated lymphoid tissues. The subepithelial capillary network of the NALT consists of a flat meshwork. This flat meshwork is different from the switch-back loop of the subepithelial capillary network in the human tonsil (OHTANI et al., 1989) or the hair-pin loop pattern in the rabbit tonsil (TERASAWA et al., 1988) . It is well known that the lamina propria of the pharyngeal mucosa covered with stratified squamous epithelium is provided with small papillae, whereas that of mucosa covered with ciliated columnar epithelium lacks such papillae (FAWCETT, 1986) . The existence of papillae in the lamina propria corresponds to the presence of hairpin or switch back patterns of capillaries (HIGASHI-KAWA et al., 1990) . The human pharyngeal tonsil (adenoid) possesses ciliated columnar epithelium, and its lamina propria has no papillae. The present study suggests that the subepithelial capillary network of the pharyngeal tonsil also consists of a flat meshwork. It is noteworthy that the subepithelial capillaries overlying the follicles are thick and have many bulges. The subepithelial capillaries of rabbit (TERA-SAWA et al., 1988) and human (OHTANI et al., 1989) palatine tonsils are also large in caliber and have many bulges. As shown by the present light microscopy, the dome epithelium covering the follicles has cuboidal and non-ciliated cells, which show lymphoepithelial symbiosis. Furthermore, the present immunohistochemical study has shown that both T and B cells occupy the dome area. Generally, the MALTs such as gut-and bronchus-associated lymphoid tissues transport antigens from the lumen or outside of the body through specialized epithelium, and process the antigens in the dome area (OwEN, 1977; FoURNtER et al., 1977; BOCKMAN and STEVENS, 1977) . The dome epithelium and dome area for immune response may receive sufficient blood supply through the thick and bulge-formed subepithelial capillaries.
The present scanning electron microscope observations of the vascular corrosion casts have shown that the HEVs start from just below the epithelium covering the parafollicular regions and run along the follicular perimeters surrounding the follicles. Distribution of the HEVs in the rat NALT is similar to that in the MALTs of other species, as seen in rabbit (TEI:ASAWA et al., 1988) and human (OHTANI et al., 1989) palatine tonsils and in the rat (BHALLA et al., 1981) and mouse (YAMAGUCIII and SCHOEFL, 1983) Peyer's patches. It has been accepted that the HEVs are the sites of lymphocyte homing in to lymphoid organs (GOWANS and KNIGHT, 1964) . In the rat Peyer's patch, circulating lymphocytes are known to emigrate from the blood via this specific postcapillary venule, localized primarily around the HEVs, and then gradually migrate into the follicles ). The present immunohistochernical study has shown that the parafollicular area is a T cell domain. Comparison of the vasculature with the cyto-architecture has comfirmed that HEVs are located in the T cell areas but not in the B cell areas, and that some HEVs run along the border of the B cell areas.
The present light microscope observations of immuno-stained NALT sections have shown that T cells mainly occupy the paraf ollicular regions, and B cells the follicles. KUPER et al. (1990) described that T and B cell areas had no fixed orientation in the rat NALT. However, in our present observations, T and B cells are orderly arranged to form distinct T and B cell areas. SPIT et al. (1989) reported that there were no apparent germinal centers in the rat NALT. Contrary to this, in our light microscopic observations, germinal centers were seen within the follicles. More correctly, an MAS258 positive cell area of the follicle contains a round shaped MAS258 negative cell area. Most of the MAS258 negative cells are considered to be B lymphoblasts or immature B cells which have no antigen detected by the MAS258 antibody (WOOLETT et al., 1985) .
